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Abstract 
In 2008 the International Maritime Organization (IMO) decided on more stringent requirements from 2015 for airborne emissions 
of sulphur dioxide from sea transports in the sulphur emission control areas (SECA). The European SECA comprises the Baltic 
Sea, the North Sea and the English Channel. The paper contains an overview of the European studies that have been carried out to 
investigate the impacts of IMO´s more stringent sulphur requirements. All studies were carried out after IMO´s decision in 2008 
(which means that the decision was taken based on other reasons). The studies focus on different aspects but all of them estimate 
how IMO´s stricter requirements will affect the sea transport costs. The Swedish impact studies are described in particular: in the 
2009 study the national transport model Samgods was used and in 2013 both the Samgods model and the agent-based simulation 
model Tapas. Impacts on the choice of transport chains, routes and ports are calculated. The results indicate that shippers to some 
extent can reduce the increase in transport cost by transferring flows from the Swedish east coast to the Swedish south and west 
coast, the Norwegian coast and the land-based route via Denmark. Modal back shifts from sea to rail and road occur. These shifts 
are modest, especially if higher prices for diesel and higher rail track fees are assumed on top of more stringent sulphur requirements 
in the SECA. One important question is to what extent the increases in costs that are due to more stringent requirements can be 
compensated for by improved efficiency of the transports, such as the exploitation of economies of scale. 
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1. Introduction 
In 2008 the International Maritime Organization (IMO) decided on more stringent requirements for airborne 
emissions of sulphur dioxide from sea transports in the sulphur emission control areas (SECA). The European part of 
SECA comprises the Baltic Sea, the North Sea and the English Channel. The SECA along the coast of North America 
and Puerto Rico is not addressed in this paper. IMO`s decision implies a larger difference between the requirements 
inside and outside the SECA. (See Table 1.)  
Ship owners can apply different strategies to meet IMO’s stricter requirements in the SECA from 2015. Three 
possibilities are: 1) to use 0.1 % marine gas oil that is more expensive than the currently used heavy fuel oil, 2) to 
switch to cleaner energy sources such as liquid natural gas or methanol, or 3) to use scrubbers to reduce the sulphur 
emissions. In the short term, all strategies lead to higher costs for sea transports. Shippers have the option of adapting 
transport chains that include sea transport by changing route and/or mode or, in the longer run, by moving production 
facilities. The shift from sea to land is sometimes referred to as modal backshift because it goes in the opposite 
direction to the goal in the EU’s White Book (COM (2011)) to shift long distance road transports to more 
environmental friendly transports. It is, however, not obvious how developments in the market for marine fuels will 
influence diesel prices in general, nor is it clear how fuel taxes, infrastructure fees and regulations for the land-based 
modes will develop. Possible effects of IMO’s more stringent sulphur requirements for sulphur emissions in the SECA 
have been studied in the countries that are most affected.  
Table 1- IMO’s highest permitted sulphur content in marine fuels inside and outside SECA 
 Within SECA Outside SECA 
Today 1.5 weight % 4.5 weight % 
From 2015 0.1 weight %  
From 2020/2025  0.5 weight % 
 
Other related topics are the plans for stronger requirements for nitrogen oxides for new vessels, and different 
economic measures related to carbon dioxide emissions are being discussed to internalize the external costs caused by 
sea transports.  These are, however, not addressed in this paper.  
This paper focuses on the calculation of transport impacts on freight transports in two Swedish government 
commissions. Key questions studied are to what extent sea transports are redistributed from the SECA to the seas 
outside of SECA and to what extent modal shifts from sea to rail and road can be expected. The Swedish rail share of 
around 22 % is about twice the average rail share of the 27 EU member states when the ton-kilometer for all modes 
are included. On the other hand, Sweden has no inland waterway transports. In addition, the effect on the choice of 
transport chains, routes and ports is calculated. 
The structure of the paper is as follows. Section 2 looks at studies that have been commissioned to assess the 
impacts of IMO’s stricter requirements in the SECA. Section 3 addresses the Swedish impact analyses of 2009 and 
2013. The national freight transport model Samgods that has been used in both analyses is presented. Results from the 
Samgods analyses of 2009 and 2013 and two case studies that use the activity-based model Tapas are discussed. In 
section 4 some conclusions are drawn. 
2. Studies performed  
National and international impact studies have been carried out by transport ministries and public agencies, by 
associations of ship owners, and in research projects. The main focus has been on the impact in the respective country 
or region and conditions differ due to the country’s location, volume and structure of transport demand, modal split, 
etc.  
The Finnish Ministry of Transport and Communication commissioned the Centre for Maritime Studies at Turku 
University to study the impact of IMO’s stricter sulphur requirements on the maritime industry and the manufacturing 
industry (Finnish Ministry of Transport and Communication (2009)). The health effects of using cleaner fuel were 
also estimated. Potential impacts in the form of modal shifts were not quantified. Four years later, the Finnish 
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Transport Safety Agency engaged Elomatic Marine Engineering to evaluate the cost burden resulting from IMO’s 
sulphur directive with respect to the sea traffic allocated to Finland alone within the Baltic region (Finnish Transport 
Safety Agency (2013)). This study is based on statistics covering vessel traffic and port calls in Finland in 2011. The 
impacts on all maritime traffic in the Baltic were also estimated. 
The Swedish government has commissioned two investigations: Swedish Maritime Administration (2009) and 
Trafikanalys (2013). The impact analyses performed within these government investigations are described below. 
The UK Maritime and Coastguard Agency commissioned a study that analyses how the implementation of the IMO 
sulphur directive would reduce emissions, expressed in tons and monetary terms, and increase the shipping industry’s 
costs (ENTEC (2009)). Three scenarios are considered: 1) 90 % of vessels switch fuel and 10 % use scrubbers, 2) all 
vessels switch fuel, and 3) all vessels use scrubbers.  
The European Commission engaged AEA, TNO, IVL and EMRC to quantify the societal costs and benefits 
associated with the new sulphur requirements in all member states (AEA et al. (2009)). No modal shift is assumed. 
The impacts of stronger requirements for nitrogen oxides (NOx) and potential extensions of the SECA are also studied. 
The European research project SKEMA analyses the possibilities for modal shifts as a consequence of IMO’s 
stricter sulphur requirements for a selection of routes. This is done with the help of the NECL model for ten competing 
routes operating on four corridors and the Tapas model for five competing routes along a single corridor (Kehoe 
(2010)). The impact of the implementation of road infrastructure fees, which are assumed to raise road transport costs 
by 2 %, was also tested and found to not sufficiently counteract the cost increases for sea transports due to the sulphur 
directive.  
The European Community Ship owners’ Association (ECSA) commissioned a study to analyse the impacts of the 
stricter sulphur requirements in the SECA (Notteboom et al. (2010)). The report has three sections. The first focuses 
on the expected impacts of the stricter sulphur requirements on transport costs and prices. The second part estimates 
the impacts on the modal split for selected routes using both a stated preference approach and comparative cost 
analysis. The third part estimates the impacts on the external costs in the routes. It is, for example, shown how the 
decrease in external costs due to the IMO directive can be compensated by an increase in external costs for land-based 
transports when modal shifts are taken into account. 
The German Ship owners’ Association and the Association of German Seaport Operators engaged the Institute of 
Shipping and Economics and Logistics (ISL) to carry out an impact study (ISL, 2010). ISL estimate the expected 
mode shifts from sea to land due to IMO’s stricter sulphur requirements in the SECA using a logit model. Different 
corridors to/from Germany are studied.  
In 2010, the ship owners’ associations from Belgium, Finland, Germany, The Netherlands, Sweden, and the UK 
together ordered a review of six previously performed impact studies (ENTEC (2010)). Due to the time scales of the 
work it was not possible to include the ISL study. Four of the six studies, (Finnish Ministry of Transport and 
Communication (2009), Swedish Martitime Administration (2009), Notteboom et al. (2010), Kehoe et al. (2010), 
consider the modal split effect with a somewhat different focus and the conclusion is that the implementation of the 
IMO sulphur directive will lead to some shifts from sea to road and rail. Depending on the route, sea transport volumes 
are estimated to decrease by 3 to 50 %. The extent to which this takes place depends on a number of route-specific 
factors such as level of competition and availability of alternative route as well as the projected fuel costs (ENTEC 
(2010)). Holmgren et al (2014) compile the impact studies that have been published up to 2013 and find that ‘only a 
few studies have made a clear modal shift focus visible’. 
3. Swedish impact analyses  
It would be interesting to compare the quantitative outcomes and methods applied in all the consequence studies 
listed above. But the results are not comparable since different aspects are analyzed in the studies and not all reports 
contain numerical results. Different adaptions to IMO´s more stringent requirements for airborne emissions of sulphur 
dioxide from sea transports in the SECA and different increases for the sea transport costs are assumed. Furthermore, 
the impacts are calculated for specific corridors in some cases and for countries or regions in other cases. Therefore 
we focus on the impact studies that have been performed within the Swedish government investigations of 2009 and 
2013. These studies were carried out with help of the national freight transport model Samgods (2009 and 2013) and 
the activity-based Tapas model (2013). 
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3.1. Samgods 
3.1.1. Model  
The national freight transport model system Samgods consists of three parts:  
x PC-matrices that describe the transport demand between production and consumption in, to, from and through 
Sweden for 34 commodities in tons, (see Edwards et al. (2008)). The PC-matrices are assumed to be constant, i.e. 
do not decrease due to higher transport costs. This assumption is normally used in freight models and is usually 
considered to be realistic in the short term. All model runs in the Samgods studies 2009 and 2013 refer to the base 
year 2006.   
x A logistics model that minimizes the shippers’ annual logistics costs (transport costs, warehouse and order costs) 
and transfers the commodity specific PC-flows to vehicle type specific origin-destination flows (OD-flows). The 
OD-flows can go directly or via one or more terminals from P to C. The model comprises 33 vehicle types: five 
road, eight rail, 19 sea and one air (see de Jong et al. (2008) and Vierth et al. (2009 (b)). For sea transports, different 
types of vessels (container, ro-ro vessels, other) and ferries (road, rail) are included. Different average speeds are 
assumed for different vehicle/vessel types, i.e. for container vessels 30–39 km/h, for ro-ro vessels 30 km/h, for 
other vessels 22–30 km/h. The economies of scale aspect is handled using different vehicle sizes. This aspect is 
especially important for vessels that differ significantly in size (and therefore costs). The cargo-carrying of the 
vessels varies from 1 000 to 250 000 tons. Ferry capacity is normally shared by different firms and economies of 
scale are assumed to be less relevant than for vessels. Transport costs comprise underway costs and transfer costs. 
The kilometer costs in turn comprise time-based costs and distance-based costs as well as infrastructure fees. When 
it comes to sea transports, time charter rates for vessel and personnel are assumed as time-based costs and fuel 
costs as kilometer costs. Fuel costs stand for a little less than half of the total underway costs for sea transports 
which corresponds to the shares in other studies, e.g. Lindstad et al. (2013). The transport costs have been updated 
from 2008 to 2012 and the flows through single ports have been calibrated by assuming more realistic transfer 
times and costs in the ports. In 2009, a version of the logistics model from 2008 has been used, and in 2013, a 
version from September 2012.  
x An infrastructure network.  
 
Within the deterministic logistics model, firms’ annual logistics costs are minimized, taking into account the trade-
off between transport costs and warehouse costs.  Also taken into account is the fact that transport costs per unit can 
be reduced by using larger vehicles when transporting goods from one or several shippers. Transport costs per vehicle-
kilometer are used as input; load factors and costs per ton-kilometer are computed. The choice between predefined 
container and non-container transport chains is modelled. It is assumed that transport companies pass cost changes to 
shippers. Infrastructure restrictions in the form of maximum depth for vessels and maximum weight for trucks and 
trains are taken into account. Rail capacity restrictions in terms of number of trains per track can be taken into account 
manually by comparing calculated volumes to the maximum capacity. Capacity problems in ports are assumed to be 
negligible.  
3.1.2. Impact study 2009  
The 2009 study, Vierth et al. (2009 (a)), focuses on the question to what extent higher prices for marine fuel will 
lead to modal shifts. Three scenarios assume that 0.1 % marine gas oil is used in the SECA instead of the heavier fuel. 
The transport cost increases vary between the different vessels types depending on the current level of sulphur in the 
fuel used. One explanation for the differences is the introduction of environmentally differentiated fairway dues in 
Swedish waters in the late 1990s. In Scenario 1 the fuel costs inside the SECA are estimated to rise by 12 % for ferries, 
72 % for ro-ro vessels, 81 % for container vessels and 36 % for other vessels. Everything else is assumed to be the 
same. Scenario 2 and Scenario 3 assume higher crude oil prices inside and outside the SECA in addition to the higher 
fuel costs due to IMO‘s stricter requirements. The assumed price of € 502 per ton for 0.1 % marine gas oil is in the 
same range as the prices in other studies (see Holmgren et al. (2014)). The freight flows in the base scenario that 
describes the actual situation and the three investigation scenarios are compared. 
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Concerning Scenario 1, the difference map for the sea transports (see Fig. 1) indicates shifts from the Swedish east 
coast to the Swedish south and west coast to reduce the kilometers in the SECA. It is also computed to be advantageous 
to use the port of Narvik in the north of Norway outside the SECA.  
 
 
Fig. 1. Calculated difference between Scenario 1 and base scenario for sea transports in tons on infrastructure network in the 2009 study (red 
colour shows increases and black decreases) N = Narvik, G = Gothenburg, O = Oresund bridge, S = Stockholm. The violet line marks the border 
between the SECA and the Atlantic. 
It is also calculated that there will be transfers from ports in northern Sweden to ports in central and southern 
Sweden, which lead to shorter sea transport distances in the SECA (often by ferry) and longer land-based hinterland 
transports. This is consistent with the conclusion in Notteboom et al. (2010) that the intermodal corridor competition 
between the Nordic countries and Benelux/Germany ‘threatens certain ports with loss of market share since intermodal 
alternatives with shorter sea legs may appear more competitive’. The greatest single effect is the transfer from routes 
via the port of Gothenburg to land-based routes via the Oresund Bridge. In total, the results indicate that the 
redistribution from the SECA to the seas outside the SECA is rather limited. See Table 2. This is due to the limited 
possibilities that exist for avoiding the SECA for transports starting or ending in Sweden and also to the fact that some 
commodities are not suitable for land-based modes. 
The calculations presented in Table 2 indicate that there will be a marginal increase in the transport performance 
on land and a reduction in sea transport performance of about one billion ton-kilometer, compared with the current 40 
billion ton-kilometer within the Swedish sea territory. The sea ton-kilometer outside the Swedish territory are 
calculated to decrease by about 0.5 billion. Modal shifts are calculated to take place mainly to road in Sweden and to 
rail outside Sweden.  
Table 2. Calculated difference between Scenario 1 and base scenario in Samgods study 2009. 
 Billion ton-km and %               Billion ton-km 
Inside Sweden                     Outside Sweden  
Road 
Rail 
Sea 
 +0.0   (+0.50%) 
 +0.07   (+0.33%) 
  -0.95   (-2.50%) 
                       0.00  
                    +0.03  
                     -0.55  
 
N 
G 
O 
S 
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The 2009 study does not include elasticities, but it can be concluded that the demand for ton-kilometer by sea is 
quite inelastic. In Scenario 1 fuel cost increases of 12 - 81 % in the SECA are calculated to lead to 2.5 % less ton-
kilometer by sea in Sweden. The decrease for sea transports is calculated to be 10 % in Scenario 2 and 15 % in 
Scenario 3. 
3.1.3. Impact study 2013 
The 2013 study, Vierth et al. (2013), was a follow up of the 2009 study. The implementation year for IMO’s sulphur 
directive had come closer and it was confirmed that the directive will be implemented as planned 1 January 2015. 
Several stakeholders discussed adjustments of the IMO directive and a postponement. Different technical solutions to 
meet the stricter sulphur requirements were and are developed. The Swedish rail track fees were increased in 2013 
and further increases are planned. The Transport Administration discusses the possibility of using sea transports to 
relieve the rail infrastructure (Trafikverket (2011)).  
In total 18 scenarios were proposed and developed by the agency Transport analysis (Trafikanalys (2013)). As in 
2009, it is assumed that 0.1 % marine fuel oil replaces heavier fuel in the SECA so that the distance based costs 
increase by 0–23 % (low), 23–54 % (medium) or 40–76 % (high). In contrast to the 2009 study, the importance of 
higher diesel prices that lead to higher distance-based road transport costs inside and outside Sweden is also studied. 
The diesel price is assumed to 1) be constant, 2) increase by € 0.04 per litre or 3) increase by € 0.09 per litre based on, 
SWECO (2012). These cases correspond to the following changes in road transport costs: 1) constant, 2) increase by 
3.6 %, and 3) increase by 7.2 %. The scenarios are tested assuming constant rail track fees (A) and increased rail track 
fees (B) in Sweden. (Rail track charges are assumed to be in the magnitude of 5 % of the rail transport costs.) The 
increase in track fees in Sweden varies between 38–51 % depending on the type of train and the rail transport costs in 
Sweden are assumed to increase by 2.5–3 %. See Table 3. The increase of the diesel price is to some extent dependent 
on the stricter sulphur requirements for marine fuel, while the increases of the rail track fees are independent. 
Table 3. Scenarios for increased kilometer costs for sea transports and road transports in the 2013 study (rail track charges are assumed to be 
constant (A) or increase by 38–51 % depending on train type in the existing infrastructure plan (B) 
Increased fuel costs for road (inside and outside Sweden) Increased km-cost for sea transports in SECA 
Low (0–23%) Medium (23–54%) High (40–76%) 
1) € 0.00 per litre (constant road-km costs) Low 1 Medium 1 High 1 
2) € 0.04 per litre (3.6% increased road-km costs) Low 2 Medium 2 High 2 
3) € 0.09 per litre (7.2% increased road-km costs) Low 3 Medium 3 High 3 
 
Scenario Medium 1A with medium increased sea transport costs in the SECA constant rail track fees and can be 
compared with Scenario 1 in the 2009 study. Due to the updated transport costs and calibration of the port flows the 
effects on the flows in the network and the modal split are calculated to be somewhat smaller in the 2013 study (than 
in 2009). This is especially true for the shift to ports in the north of Norway. 
Below we focus on Scenario Medium 2B which includes medium increased sea transport costs in the SECA, 
medium diesel price increases and higher rail track fees in Sweden. This scenario was chosen to be the main scenario 
(by Transport Analysis). The results in Fig. 2 indicate that the total freight transports by sea in the Baltic Sea will 
increase and that there will be a slight increase for the ferry transports. The sea transports in the Kattegat along the 
Swedish coast are reduced, while the flows west of Sjaelland towards and through the Kiel Canal increase. The 
calculated increases and reductions are in general assessed to be plausible although the shift from the route west of 
Denmark to the route east of Denmark can be exaggerated. 
In Scenario Medium 2B tail flows are calculated to increase mainly towards the Oresund Bridge while the volumes 
to/from the port of Gothenburg decrease. However, if the rail track fees in Sweden are kept unchanged in Scenario 
Medium 2A the decrease of the rail flows to/from Gothenburg is not obtained. For road, the overall pattern indicates a 
redirection of volumes from the ports on the Swedish east coast to ports on the Swedish west coast and to the ferry 
lines in the south of the country.  
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Fig. 2. Calculated difference between Scenario Medium 2B with increasing rail track fees and base scenario for sea transports in tons on the 
infrastructure network in the 2013 study (red colour shows increases and black colour decreases). K = Kattegat, Sj = Sjaelland, C = Kiel Canal, G 
= Gothenburg, S = Stockholm.  
The calculations in Scenario Medium 2B with increasing rail track fees indicate increases for rail and decreases for 
sea as well as for road both inside and outside Sweden. The increases for rail are about twice as large when constant 
track fees are assumed in Scenario Medium 2A with constant rail track fees. One must have in mind the assumption 
that the rail transport costs only increase in Sweden while the sea transport costs increase in the SECA and the road 
transport costs increase all over the world. The figures in Table 4 exemplify that rail transports can be replaced by 
combined sea and road transports. 
Table 4. Calculated difference between Scenario Medium 2B in Samgods study 2013. 
 Billion ton-km and %            Billion ton-km 
Inside Sweden                     Outside Sweden  
Road 
Rail 
Sea 
-0.20 (-0.50%) 
+0.30 (+1.42%) 
-0.35 (-0.88%) 
                      -0.35 
                     +0.55 
                      -0.75 
 
 
The results for rail should be interpreted as potential increases since the model does not take into account capacity 
restrictions and demand for rail (unlike road) is near capacity in several parts of the network. Scenario High 3A with 
high transport cost increases for sea and road and constant rail transport costs was used to simulate the maximum 
use of the rail network. As expected, the model indicates that the transport flows (in tons) increase more in the sparse 
parts of the rail network (3.9–6.1 %) than in the total network (3.7 %). According to the Transport Administration, an 
average increase of about 5 % should be manageable. 
As in the 2009 study, the demand for sea transports is rather inelastic. In the Scenario Medium 2B with increasing 
rail track fees, an increase in sea transport costs of 22–54 % is estimated to reduce ton-kilometer in Sweden by about 
2 %. This means that elasticities in the range -0.09 to -0.04 are obtained which is of the same magnitude as the 
elasticities calculated with the European Transtools model (NEA (2007)).  
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3.2. Tapas 
3.2.1. Model  
Tapas (Transport and Production Agent-based Simulator) is an agent-based simulation model for quantitative 
impact assessment of policy and infrastructure measures. It takes into account how companies and other actors in a 
transport chain are expected to act under different conditions. The basic idea is that production and transport activities 
appear as consequences of ordering and planning processes that take place in order to fulfill customers' product 
demand. The choices of the actors in transport chains (customers of products and transport services, production and 
transport planners etc.) and the interactions between these actors are modelled. Tapas incorporates the complexity of 
the choices with respect to consignment size, route and mode and takes into account timetabled as well as demand-
driven transports. The aim is to represent the distributed decision-making structure as it appears in transport chains. 
Tapas is built using a two-tier architecture, with a physical simulator and a decision-making simulator, which are 
connected in such a way that the production and transport activities, that appear in the physical simulator, are initiated 
by decisions taken in the decision-making simulator. The physical simulator models product types, transport 
infrastructure, vehicles, terminals, and production facilities. Production costs, reloading costs, inventory holding costs 
and transport costs, consisting of time based costs, distance based costs and infrastructure fees, are included and the 
actors are assumed to be cost minimizers. In order to satisfy a customer's product demand, the agents participate in an 
ordering process that involves selection of which transport and production resources and infrastructure to use, as well 
as planning of how to use resources and infrastructure. 
3.2.2. Impact study 2013 
Within the framework of the Tapas study (Ramstedt & Holmgren, 2013) case studies were carried out for shippers 
that use sea transports for exports from Sweden to mainland Europe and the UK. One firm that exports paper and 
another firm that exports steel supplied information about their existing sea transport solutions and potential 
alternatives when IMO’s stricter sulphur requirements in the SECA would become compulsory. The Tapas study is 
based on information delivered by these two firms, other sources and own assumptions. The same price increases for 
marine fuel and diesel as in the 2013 Samgods study are assumed. The rail track fees in Sweden are assumed to 
increase by 50 % instead of the 38-51 % of the 2013 Samgods study. Below we relate as for the Samgods study to the 
scenario with medium cost increases for sea and road transports and increased rail track fees.   
Alternative response strategies are studied: (1) direct rail transport, (2) use of large vessels and (3) intermodal 
rail/sea transport via the port of Gothenburg. The alternatives are compared to the base scenario (today’s transport 
chains) and pairwise. Limited rail capacity is described as a problem but not taken into account in the calculations. 
In the “paper case”, the firm’s transports currently go by sea from three ports at the Northern part of the Swedish 
east cost to ports in the Benelux area or in the UK, from where the paper is distributed by truck. Typically, roro-vessels 
(with 8,200 tons loading capacity) go two times per week and call several ports at the Swedish east coast during a 
route. Given that the same transport chain is used, the transport costs from the different ports are calculated to increase 
by 10 to 12 % due to the stricter sulphur requirements in the SECA. The costs for direct rail transports are calculated 
to be 10-20% lower than the costs for the sea transport chain in the base scenario, given that there are operators that 
are willing to perform these transports (and that there is sufficient rail capacity). The use of vessels of double size is 
calculated to reduce today’s transport costs by 15 to 18 %. However, loading and unloading in the ports need to be 
more efficient if time-tables are to be kept. Investments in larger vessels are needed and there can be infrastructure 
restrictions for larger vessels in some ports. These aspects are not taken into account in the calculations. The results 
indicate that the long rail transport from the paper factories to Gothenburg (around 1 000 km) makes the intermodal 
rail/sea transport via Gothenburg only competitive when vessels of double size are used between Gothenburg and the 
Benelux area. This alternative is calculated to lead to 7 % lower costs than in the base scenario.  
In the “steel case”, the firm exports steel products from a factory in the middle of Sweden to Denmark. An 
intermodal transport chain is used: rail to an east coast port (24 % of the transport distance), sea to a port in Denmark 
using a LOLO-vessel with 2,000 tons loading capacity (65 % of the transport distance), road to the clients (11 % of 
the transport distance). Given that the same transport chain is used, the transport costs are calculated to increase by 
around 3 %. The cost increase is lower since the sea share and the distance travelled in the SECA is lower. Direct rail 
transports are calculated to lead to 22 % lower transport costs compared to the existing intermodal solution. This is 
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mainly due to the reduction of the transfers. The costs for intermodal rail/sea transports via the port of Gothenburg 
are computed to be 9 % lower than the costs for today’s solution. This solution is judged to be attractive for transports 
to Germany and the Benelux countries as well. In contrast to the “paper case” another port is chosen but no additional 
transfers are needed. The use of vessels that have a four times higher loading capacity is calculated to have 11% lower 
transport costs than today’s solution. However it is a challenge to fill the larger vessel.   
In both case studies, the results indicate that some of the alternatives are already competitive (given that there is 
sufficient rail capacity) and become more competitive when the IMO sulphur directive is in place. See Table 5. 
Table 5. Calculated costs differences between medium and base scenario in Tapas study 2013. 
 Cost reductions 
compared to base 
Comment 
“Paper case”   
- (1) Direct rail transports 10-16% Rail capacity restrictions not taken into account 
- (2) Larger vessel (2x) 15-18% Requires more consolidation 
- (3) Rail/sea via Gothenburg No reductions Rail capacity restrictions not taken into account 
- (2+3) 7% Requires more consolidation, rail capacity restrictions not taken 
into account 
“Steel case”   
- (1) Direct rail transports 22% Rail capacity restrictions not taken into account 
- (2) Larger vessel (4x) 11% Requires more consolidation 
- (3) Rail/sea via Gothenburg 9% Rail capacity restrictions not taken into account 
 
3.2.3. Discussion  
The Swedish impact studies that assessed the consequences of IMO’s stricter sulphur requirements in 2009 
(Samgods) and 2013 (Samgods and Tapas) have somewhat different focuses. In the 2009 Samgods study, effects of 
increased fuel costs for sea transports, due to stricter sulphur requirements in the SECA and higher prices for crude 
oil, are simulated, everything else equal. The studies performed in 2013 comprise cost increases for sea transports for 
three different levels due to stricter sulphur requirements as well as cost increases for road in general and rail in 
Sweden and a wide range of scenarios is studied. We think that case studies for specific sea transport chains that are 
influenced by the stricter sulphur requirements, such as those based on the Tapas model, can be a useful supplement 
to the aggregated Samgods analysis that looks at all Swedish freight transports.  
When it comes to the modal split calculated in the Samgods studies, the overall impact on sea transport demand in 
ton-kilometer is calculated to be relatively low, which is in line with the literature. Here we see a need for in-depth 
studies for different segments, i.e. different commodities, routes, vessel types, routes, route length, sea leg length, etc. 
The importance of these differentiations is confirmed in the other impact studies. Examples are Finnish Ministry of 
Transport and Communication (2009) and ISL (2010) which conclude that container ships will be particularly affected. 
ISL (2010) and Notteboom et al. conclude that medium-long routes will be most affected.  
In addition, we see a need to study the choice of shipment size, vessel type and size (exploitation of economies of 
scale) as well as the degree of consolidation. As far as we know there are no results on these issues except from the 
findings in the Tapas study so far. The North East Cargo Link II project estimates modal shifts to rail and road but 
identifies also potential for sea transports as higher costs lead to incentives for optimizing routes and load factors, 
Malmqvist & Aldén (2013). The possibilities for reducing sea transport costs per unit by switching to chains/vessels 
where it is feasible to exploit economies of scale is modelled within the Samgods. However, it needs to be validated 
if the strength of the cost reductions is correct. 
4. Conclusions  
Several studies have been carried out to estimate the possible impact of IMO’s more stringent requirements for 
sulphur emissions in the SECA from 2015. Interestingly, all impact studies were carried out after the IMO decision 
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in 2008 (which means that the decision was taken based on other reasons). The studies focus on somewhat different 
aspects but all of them estimate how the stricter sulphur requirements affect the sea transport costs. Some studies 
estimate to what extent the changed competition interface will lead to modal shifts. This is typically done for specific 
transport corridors.  
Sweden is the only country that has used a transport model comprising an international infrastructure network to 
study the impacts of more stringent sulphur requirements. This model was applied to calculate the transport effects in 
government commissions in 2009 and 2013. It is assumed that heavy marine fuel is replaced by 0.1 % marine gas oil. 
Impacts on the choice of transport chains, routes and ports due to higher sea transport costs are calculated.  
The results indicate, for example, that shippers to some extent can reduce the  increase in logistics costs in the 
situation with increased sea transport costs’ by transferring flows from ports on the Swedish east coast to ports on the 
south coast (mainly short-distance ferry) or west coast. The results indicate that the relocation from SECA to the seas 
outside of SECA is rather limited, which is due to the limited options transports starting or ending in Sweden have for 
avoiding the SECA and the fact that some commodities are not suitable for land-based modes. The results are judged 
to be plausible but need to be interpreted with caution at the detailed level.  
Modal back shifts from sea to rail and road are expected, but the shifts are quite modest, especially in the scenarios 
where not only the isolated impact of the more stringent sulphur requirements is addressed, but where higher prices 
for marine fuel in general (Scenario 2 and 3 in the study 2009) or higher diesel prices as well as higher rail track fees 
are assumed (several scenarios in the study 2013). It is shown that results are sensitive to the level of cost increases 
that are assumed for road and rail. 
In the main scenario in the 2013 study, which includes medium increased sea transport costs in the SECA, medium 
diesel price increases and higher rail track fees in Sweden, a 1 % decrease of the ton-kilometer by sea in Sweden is 
computed. The highest decrease (15 %) is calculated in the 2009 study when high increased sea transport costs in the 
SECA due to stricter sulphur requirements and 150 % higher prices for crude oil inside and outside the SECA are 
assumed, everything else equal.  
In addition to the shifts from sea to rail and road we see a need to capture possible adjustments within the sea mode. 
One important question is to what extent the increases in costs that are due to more stringent requirements, can be 
compensated for by improved efficiency of the transports, such as exploitation of economies of scale underway or in 
the ports or the level of consolidation.  
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